The mer-bis(2-aminothiazole) diaqua-orotato-nickel(II) complex, mer-[Ni(HOr)(H 2 O) 2 (ata) 2 ] (1), was synthesized and characterized by spectral (IR and UV/vis) and thermal studies. In addition, the crystal structure of the complex was determined by single crystal X-ray diffraction. The complex crystallizes in the triclinic system, space group P1. The orotate ligand is coordinated to the nickel(II) atom through a nitrogen atom of the pyrimidine ring and an oxygen atom of the carboxylate group as a bidentate dianion. The coordination of the Ni(II) ion is extended to six by the two 2-aminothiazoles (ata) and two water molecules. The thermal decomposition has been studied in a static air atmosphere.
Introduction
Aminothiazoles are a group of biologically important compounds having a wide range of activities such as anti-tumor, anti-anoxic and anti-oxidant properties [1, 2] . Previous reports have shown that aminothiazoles possess anti-oxidant activity and inhibit lipid peroxidation [2, 3] . 2-Aminothiazoles [Scheme 1. (a)] are known mainly as biologically active compounds with a broad range of activities and as intermediates in the synthesis of antibiotics, well known sulfa drugs, and some dyes [4] . Metal complexes of vitamin B13 [orotic acid, uracil-4-carboxylic acid, 1,2,3,6-tetrahydro-2,6-dioxo-4-pyrimidine carboxylic acid, H 3 Or, Scheme 1. (b)] and its derivatives continue to attract attention because of their multidentate functionality and their pivotal role in bioinorganic chemistry [5] . Orotic acid is a precursor in the biosynthesis of pyrimidine bases and nucleic acids in living organisms [6] and has been widely exploited in medicine. Besides its biological importance, vitamin B13 is also an interesting potentially multidentate ligand. It can be coordinated to metal ions through the nitrogen atoms, the two carbonyl oxygen and the carboxylate oxygen atoms as a monodentate, bidentate and polydentate donor. The most common coordination mode of HOr 2− is ligation through the deprotonated nitrogen atom of the pyrimidine and one carboxylate oxygen atom so forming a five-membered chelate ring. Crystal structures were described for mononuclear Ni(II)-orotate complexes with triethanolamine [7] , 4-methylimidazole [8] , imidazole [9] , nicotine amide [10] , water [11, 12] , 2,2 -bipyridylamine, 1,10-phenanthroline, and 2,9-dimethyl-1-1,10-phenanthroline [13] (2)]. In some of the complexes, orotate acts as a counter ion [15 -18] . Orotic acid exhibits a double or triple hydrogenbonding functionality, depending on the metal coor-dination mode. The potential for molecular recognition of organic molecules may have interesting implications in both pharmaceutical and materials chemistry, where the orotate or hydrogenorotate anions can be used as versatile synthons for the assembly of metal-organic supramolecular architectures [19] . In this study, we describe the synthesis, spectroscopic (IR and UV/vis), thermal and structural characterization of mer-[Ni(HOr)(H 2 O) 2 (ata) 2 ] (1).
Results and Discussion

Magnetic susceptibility and UV/vis spectrum
The Ni(II) complex exhibits a magnetic moment of 2.92 BM, which corresponds to two unpaired electrons. The UV/vis spectrum of a solution in H 2 O exhibits absorption bands at 394 (ε = 18 L mol −1 cm −1 ), 638 (ε = 5) and 895 nm (ε = 4), assigned to the 3 A 2g → 3 T 1g (P), 3 [21] .
IR Spectrum
The most significant frequencies in the IR spectrum of 1 are given in Table 1 . The spectrum shows a strong band at 3453 cm −1 due to aqua ligands. The bands at 3350 and 3292 cm −1 are attributed to the NH 2 stretching vibration of the ata ligands. The weak band at 2937 cm −1 is due to ν CH vibrations. The carbonyl stretching bands of the free orotic acid observed at 1729 and 1719 cm −1 (ν C=O(acid) + ν C(2)=O ) and 1700 cm −1 [ν C(6)=O + ν ring ] [22] are shifted to 1650 and 1625 cm −1 in the spectrum of 1. This shift indicates that the orotate ligand is coordinated as a dianion through the nitrogen atom of the pyrimidine ring and an oxygen atom of the carboxylate group. The intense band at 1592 cm −1 corresponds to ν CC vibrations of the pyrimidine ring, while the ν (C=N) and ν (C−N) vibrations are observed at 1534 and 1280 cm −1 , respectively.
Thermal analysis
The thermal decomposition of 1 was followed by DTG up to 1000 • C in a static air atmosphere. The first stage at 147 -200 • C is related to the release of two water ligands with an endothermic effect (DTG max = 197 • C, mass loss found 9.12 %, calcd. 8.03 %). The following stages at 201 -448 • C are related to the decomposition of the ata ligand and decarboxylation of 
Crystal structure of 1
The details of the crystal structure are given in Table 2. The molecular structure is shown in Fig. 1 . Selected bond distances and angles are given in Table 3 . The crystal structure consists of discrete [Ni(HOr)(H 2 O) 2 (ata) 2 ] molecules. The Ni(II) ion has a distorted octahedral configuration with a bidentate HOr 2− ligand, two water and two ata ligands (Fig. 1 [23] . In 1, the C-O bond lengths are in the range 1.254(3) -1.244(3)Å, which is comparable with those in similar Ni(II) complexes [8, 17] . The orotato ligand is almost planar (the r.m.s deviations are 0.0593Å). A comparison of the Ni-O1, Ni-N3, M-N ata distances, and the O1-Ni-N3 and N ata -M-N ata angles for the orotate and ata metal complexes is given in Table 4 .
The crystal is stabilized by strong intermolecular H bonds N-H···O, O-H···O etc. The details of this hydrogen bonding are given in Table 5 . The orotate ligand is involved in hydrogen bonds with neighboring orotate ligands and aqua ligands through its N and O atoms. As shown in Figs. 1 and 2 , each of the HOr 2− ligands is doubly H-bonded to a correspond- Table 5 . Hydrogen bonding interactions in 1. [24] which are stabilized by a central sodium ion. Some of these interactions are illustrated in Fig. 2 . There are also hydrogen bonds between ata and aqua ligands.
Experimental Section
All chemicals were purchased as analytical grade. The IR spectrum was obtained with a Bruker Tensor 27 FT-IR spectrometer using KBr pellets in the 4000 -400 cm −1 range. Elemental analyses for C, H and N were performed using a Carlo Erba 1106 microanalyzer. The magnetic susceptibility measurement was performed at r. t. using a Sher- 
Crystallographic analysis
Diffraction experiments were carried out at 296 K on a Stoe IPDS diffractometer. The structure was solved by Direct Methods using the program SHELXS-97 [25] . All nonhydrogen atoms were refined anisotropically by full-matrix least-squares methods with SHELXL-97 [25] . All hydrogen atoms except H1A, H1B, H2A and H2B were located. Data collection: X-Area; cell refinement: X-Area; data reduction: X-RED [26] ; molecular graphics: ORTEP-3 for Windows [27] ; software used to prepare material for publication: WinGX [28] .
CCDC 632158 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
